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(54) NITRIDE SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor laser element which can obtain a stable 
perpendicular fundamental lateral mode and can reduce 
threshold current. 

SOLUTION: A semiconductor laser element 100 is formed by 
stacking a p-GaN buffer layer 2 doped with Mg, a p-InGaN 
crack protection layer 3 made of InGaN doped with Mg, a p- 
ALGaN clad layer 4 made of AIGaN doped with Mg, a light- 
emitting layer 5, an n-AIGaN clad layer 6 made of AIGaN doped 5 
with Si, and an n-GaN contact layer 7 made of GaN doped with 
Si on a p-GaN substrate 1 made of GaN doped with Mg. In the 
semiconductor laser element 100, the p-GaN substrate 1 and 
the layers 2 to 4 can absorb light leaked from the light- 
emitting layer 5. 
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NlSl«NI«ttl/fc«*P-GaNffl(!l. P-G 
aN^-;77l2, p - I nGaN^77 ^M13fc 
cfcO*p-A 1 GaN^77 F^4Kl*5lir^JtX"r^C<b 

[0 05 8] CCDcfc^tc, ^ftU—tfSR^-l 0 0«c*$ 
l»rtt, ^3l£Ji5^6p-GaNSfiU81-«gnWb/c 



(6) 

9 

t££p -GaNSSl . p-GaN^'^y^, p- 
I nGaN^7'^PJS±13Wt;p-A lGaN^7 

[0 0 5 9 ] ilSCDcfc^CC, CCDW^tefc^Ttt. p- 
A 1 Ga y F140A 1 ttS«*» < (M*.tt 10 

0. 07i:D^:#<-r^) lfc0p-GaN^77rl 

2«:a i *m*-z> <m«A i £o. o 2*m#nx.£) 

[0 06 0]ftfc. C<D»^, p-GaNlftl, p- 
GaN/^77l2, p-InGaN^7-^B±i3 
fc<fctfp - A lGaN^7 v FB4CCteW^*CD»JR« 
MW<ft<rWlf>.if l ^tt#*Stfte<Mfc 20 
iftiRffiKttft^cm^rASOCC^Lr, p-GaNl 
« 1 <fc O'&B 2-4 ^frCCte W €>7t<D©JR^«^+ 
c m^HirfctitfJ:^. ccd J: 5 CC*©(RjR««*J/Jn 
3&p-GaNS^:fcJ;D f &B2-4&C:telvr&, + 

«*- f zmm? ^ci *s pjtg t a « . 

[006 1]ft*i, p-GaNWtl, p-GaN/b 
7rI2, p - I nGaN^7 v £B5lfcB3 fc<fctfp - 
AlGaN^tr F»4«:*$^r*»JD8a**»4fc«> 

tc^saMfiroF-^sstt, ^n-eni x i o i8 -i 30 

x 1 0 21 c m - 3 r£>&„ 

[006 2] p-GaNlfilfcJ:^i2-4m 
£MgCD F-^«R*W< «CiKJ:0p-GaNl 
« 1 te<£ tf&B 2-4 CCbW*#©gRjR* «fc 0 Air < T 
&C£tfRltt&&:£. isfrlrtziflh. C©<fc5«:Mfif<D 

F ur*©*iRt*:#<-j-s*B^K:*j 

UTtt. Mg^O, p-GaNISlWl>'§12- 

[0 06 3 ] <t C *>X\ p - G a NSS 1 teMQWtStt 
115 7frZ>ftt£LtcltZ®.iR-rZ>tc&>. p-GaNIS 40 

i tuQwrmmb 7 tcomm&'bz^m&taz. p- 

GaNlil x ©#**w«Bii b , **if* u -If**- 1 

[0 06 4] [sfristzifih. ¥3W*U— tfX^Pl 0 0«: 
p-A 1 GaN^77 KB4©/¥3#1 *i m 
<t+#*£l>fc#>, p-GaNSgUMQWr£ltl5 

-■FX* 1 0 0«ObtvCtt, »36B5CC»«3tt3*# 
RiR3ft*©*l*JhU ^o^B5^6«inaiO/c* 
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[006 5] H4tt*»Wec«4a<fc«l***»U--1f 
0 itt % «T©#ffi«:j:9ff»3*i 

[0066] *3»{*U-1f*^ 1 0 1 ©ft»B*te;bC>T 
*-T. I$35Omn0t77'{7lS2O(DC 

(0 00 1)I±tC t r>F-^OAl DlI Ga,. 5 N 
*6tt&JV32 0 0A<DA lGaN'<?7rB2 1. JS 
3 2 um<DT> K — ^Ga NB2 2 , Me#F-:/3*i 
fcGaNfr&ft&ffS 5/im(Dp-GaN3>^^ KB 
2 3, Mg^F-^n/c I n 0i03 Ga„. )7 N^^^ 
J¥3 0. 1 MmOp -InGaN*^* *B5ihB2 4, 
Mg^K-^3n/cA l Q ., 7 Ga Q . sl N^6Wp-A 

lGaN^7-; FB2 5, S i #F-:/i* 

ft/cA 1 GaN^6&S»30. 4/xmCDn-AlGa 
NP^y FB2 7*J±tfS i#F-:/3*lft:GaN*>6 
fc£»3 0. Um(?)n-GaN3>^^hl28?:I 
Ccj&fi3i*£ 0 

[0 06 7 ] &*>\ ^SMtU-tf**- 1 0 1 (0»*B2 
6 tt % 0 2 tc^-J-^ft U -If*?- 1 0 0 CO^feB 5 £ 

[0 06 8] ±IBCDcfc^tC, ^ttl'— MR* 1 0 1© 

fl*B*«:*ji>TB\ OT2 6T^0if^T -rr»^2 
Offljfc:, Mgr#F-:/3*ift:p -GaN:a>£* FB2 
3, p-InGaN^7-y^jhl24Wa f p-Al 
GaN^7 FB2 5*J5Efi3-t*4. 

[0 06 9] ccr, aw. mmmmmm^mm^ 
5 km s » f - ^3 ntcmmmm&m^m&ztiz 

p-GaN3>3?^M23, p-InGaN^'^ 
BS±B2 4*?J:a f p-A 1 GaN^7 v FB2 5«, M 
gtcJ:0SMWrt^. c<Dcfc^ccMg^F-y3 
ntlMM/cp-GaN3>^^hl2 3, p-I 
nGaN^7-; ^KlhB2 4*><£CFp -AlGaN^7 
? FB2 5Cc4»C»Ttt, nJ»3lc*5RjR-r^ C 

[0070] Mg^F-^n/cp-GaN^> 
£^KB23, p - I nGaN^7 i ; ^K>ihB2 4*5<J: 
tfp - A 1 GaN^7*; KB 2 5 Ct&l>-C_klB(D<J: 5 

C 9. cn6©§123-25©x^;l/^;0 

F * {C^«!g«lfiWi J^jsE 3 fi <S /c J6r ^> -5 i 6 ti 

[0 07 1 ] ifBCDj^KUTIf^T JTmrn 0±tC 
S12 1- 2 8^S5^di n-GaNa>^^h 
B2 8^6n-A lGaN^77 KB 2 7CD^t^^3 £ 
-C€rx^^>^Cc< : fc0^-r^ o n-Ga 
N3>^ M2 8fc^n-A lGaN^7^FI2 
7*>>e>t?f/&3ft&iJI2 /xm©X h^Jy'tRCDV ?i>8B£ 
ff^T^ii4>«:. n-AlGaN^77F127fCf 
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3 0 . 05/i m<D¥JSSP£0J£-f 
[0 07 2 ] n~AlGaN^77F127© 
ffi»6p-GaN3>^^ hB2 SPIS« 

[0 07 3] C«l/cp-GaN3>^^h 
123 (Dm 3E««±CC NiRt»«lTpttil64» 

±KT iIfc<tO'A lK^raBtcfSBUTnllgl 5 £ff5 

10 

[0074] ±e© J: 5 cc l>Xt&ML&*s *C«tS»flE 

7-<rSS2 0©i¥^^l 5 0-20 OMmin, 
[007 5] $6^, "J * S'SMHffi. n - A 1 G a N * 
FH2 7 4>¥ttfl(±n. n-AlGaN^7-;Fi 
2 7^6p-GaN3>^^FB2 3*r©iI. p- 
GaN^>^ hH2 3a>p«SnA««l«R<mLI: 
ffi^ctCXpmSl 6©W5E««±ffiCc. S i O, *>6ft 
4*3 0. 3 m m<Z>lftl« 7 0 ZBf&TZ* 
[0 07 6] Atfttc. WLtflHRtcJ: 0 % S^S5 0 20 

wr^-i o i*ff«r*. 

[007 7]S5(t ±E©*ffiKJ:OffBSftfc*i| 
ttU—WR^l 0 10*»2 1^2 8(DW-r*H«r** 

[0 07 8] HSfcSVTJiSec. ^NM*U—WRT-1 0 

1 &C*>t>T tt. IfefcB 2 6 (DJS»t^<!: p-AlGaN^ 
5* KB2 5<DJSfi*<fc©ife0W3l>. C<Dtc&. mt 
B2 6©MQWJgfSW5 7k:*jl»T«*Lfc**»*li 

2 6rtCC+»CC«»-r4Ci3^Hllr*0, ^3612 6 30 
^p-AlGaN^7?F125 JC^iStlffi-T. 

[0079] *fc. *SW*U— lf*^l 0 l« v p-A 
lGaN^7?F»25 ©WHCCffiBT £ P - G a N a 
>2Z> hB2 3#p - A 1 GaNi'? v KB 2 5 tttfc^ 

<D/c#>, p-AlGaN^77F125^6p-GaN 

[0 08 0] wc, *aw»u— !f*-?-i o icc*ii»r 
tt. 1^7 >f rats 2 oil «t)^i26T^ 

12 1-2 5*5<fctW:7 7 YT3&2 0©IS3#*#l> 40 

[0 08 1 ] ccr, *3W*u— WR-7-i o ltcfcor 

tt, HU^CDct^«: % p-GaN^>£*hB23, p- 
I nGaN*^**|*jtJ12 4*5j:tfp-A 1 GaN^ 
v KB 2 5tCMg# F— ^3 JlT***). §12 3-2 
5«C*$l>rpJtft**!»JRr*C<S:*SpIfiB-C*S. C<D/c 
«36»2 6*i6^^r-fr»«2 oshinai/c 
7ic^rp-GaNn>^^ hB2 3, p-InGaN^7 
^^E5ihB2 4^<fca c p-A 1 GaN^7f FB2 5$C 50 
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*5l > X MM? *>Ct ifi aim £ ft * . 
[0 08 2] C(D<fc^&C, WR^- 1 0 1 Kfc 

l>Ttt, %ftR2 6*»6*7 T-fT^fi 2 Offi^iitlffl 
UcMp-GaN3>^^hi23, p-InGaN 
5^ v 9ttJkM2 4fcct^p -A lGaN^77FI2 
5CC*jC>rRjR-J-4C<fc3&5DW6ift*yt2fS>, I&7EB2 6 

- F tfimx. *-F&ft*ci* Hr±r & c <h arajtt 4 ft 

^LfcSiOfcWl^-FtffSCi^ttiftO. L 
*C»ffl**©fi«{t*H4C<!:*«pIffi<!:ft4. 

[0 08 3] ±ta©J:5tt, c<o»^«:*5C»rii. p- 
AlGaN^7->F1250AlffljS^< (WLtf 
0. 07<fc0^#<*r^) Uc0p-GaN3>$^h 
B2 3&A (ffl&KA 1*0. 0 2fl@3jn* 

B 2 - 7 fcfctt * * -7 * * ©jfe^E&jtr £ C <b # pJ8B 

uanr»»as DTOiHbwwi^riBift*. 

[0084] ft**, C©»^ p-GaN3>^^H 
23, p - I nGaN^7*; ^B5ltB2 4fccfct>*p - A 

1 GaN**? FB2 5CC*jW4*©»ft»*« 05S< 
ft<r^ct<. p-GaN3>^^ FJ12 3, p-In 
GaN^77^RJ±124fcJ:l>'p -A 1 GaN^77 

KB 2 5 ±#IC*SV & *©«iR»«»tt+ c m- 1 JBLhr 
*n«J:C^. C(DJ:^^cD®itX^a*Vh5ftp -Ga 
N3>^^hl23, p - I nGaN^79 ^RSihB 2 
4**<fctf p - AlGaN^77 FB 2 5fc*sl>TtK + 

«*-F*SHW-*Ct3WpJttift4. 
[0085]^, p~GaN3>^^M23, p- 
I nGaN#^?*05ihB2 4*5j:tfp-A 1 GaN^ 
5v KB 2 5<DS^CCfcl^r3fe®iR^*^f#a/c26«:^ 
SftMg<DF-^«S», -en^ni x l 0 18 - 1 x l 
0 21 cm°*CI)^ 

[0086] p-GaN3>»^hl23, p-InG 
aN^-; ^B5±B2 4*JcfcO # p -AlGaN77->F 
B2 5^^-SMg<DF-^i8S*]S<-rSC<fctc<J:«P 
SB 2 3 — 25 CCtot vc<fc 0 56<D»JR*** < 1"^C i 
^^<hft^ 0 b^L/ft^6, COiSCCMgOF-^ 

MgtCj:^, #«2 3^2 5CC*jC»Tteatt«:raja 

[0 08 7 ] ft*>\ ±fB<D*«»U-1f^ 1 0 1 CC*$ 
l^r, p -GaN3>^^ hB2 3©»3«*#C»**5 
$f^U<. m»l 0-2 OMm-C^^Ci^l 
C^o C<0<fc^(C^*ft/13^Wr4p -GaN3>^ 

F12 3m^« 4 »«:^<(D3fe*»4XrSC43&SpI 
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[oo88]i6 tttmifc&z&iVfam^mw u-v 

[0 08 9] IfJRT-l 0 2©f¥«B»Cc;bi*-c 

«. n-A 1 GaNltn - I nGaNii*$i{cH 
SlIUn-AlGaN/n- I nGaNiSte^*^ 

3 i *fwr*. io 

[0090] n - A 1 GaN/n - I nGa NffiteT* 
«3 lOfWOBKCtt. y ATW®±J<C, T 

>K-^OA1 0 . S Ga„. 5 N^6^^f?2 0 0A© 
A 1 Ga N^^^yBfciOTS 2 nm©7>F-^G 

aNH±CC. S i # F-:/3*lfc I n B .„ G a 0 . „ Nrt> 
e>#£J¥3 5 0A<Dn- I nGaNJliS i #F-:/8 
*l/cAlo.i Ga f .,N^6^Sll$5 0A£>n-A 1 
GaNlt^l^ltSMiil, J¥$15 0/!m 
^"C^S^-a-^. CCDcfc^tCLtn-A 1 GaN/n - 20 
I nGaN««m«JS*JBaOA:». BfflKCJ: D*:? r 
WT*«, AlGaNA'^7i*JJ:^7>F-^Ga 
NJH&BfciT*. «±<D«fc5«:bT> J*S 1 5 0 umCD 
n-A 1 GaN/n - I nGaNfi*§T-«&3 1 *fp» 

[009 1 ] CCC, CO»^CC*jCir« % n-A 1 G 
aN/n- I nGaNiStST«&3 KOn-InGaN 
MO'*> F^-r <9Zf<DWfi* &ft<D5t%M3 S<Dn - I 
nGa N#FH 6 2 <D^*> F* + * ^©41 J: 0 fc'hS < 
tt*<fc50Cn-A 1 GaN/n- I nGaNffift^SIE 30 
3 1 On - I n Ga N/i(DJS^^g^*r^> 0 -entcj: 

0, n-AlGaN/n-InGaNStS^Sf 3 1(0 
n- I nGaNlfCfc^T, fSTfcff 3 5*»6n-AlG 
aN/n - I nGaNffite-T-BS3 1 fflfocjtftffl 
Sr^iRT £ C t tfi»M <fc ft *. 

[0 09 2 ] _k.HE(DJz 5 dc IsXitWtLtcn — A 1 GaN 
/n- I nGaNjfit&?-S«3 l_bCC % Si^F-^3 
n/cGaN^^^II? 2 mn©n-GaN^?7ri 
3 2, S i #F-:/3*ifc I n,. 0J Ga». S7 N^6^^ 
J1£0. 1 /im©n - I nGaN^7^ ^HiliJS 3 3 , 40 
S ia&SF-^StifcA U.o7Ga.., J N*»e>«cSW3 

1. 0tfm©n-AlGaN^7*;K13 4, 
7&135, MgAiK-^n/cAl 0 ., 7 Ga B . SJ N^6 

4^m0p-AlGaN^7^h*136fe 
£VMett F-^n/cGaN^e^-Sf^O. 1 Mm 
©p-GaN3>^ MI 3 7^rl®CCfi£g$^5o 
[0 09 3 ] C©»^, H7ec^Tcfc5CC. ^cJ13 5 
O^SB$tC^Ci-C«, £t\ Si^F-^n/cGaN 
frhKZmZO. UmOn-GaN^VF16 1^ 
fiSS^^^c i^^t, n-GaN*^F16 1±{C, 50 
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S i ^F-^Stifc I n 0 .„Ga 0 . 9 ,N^^n - I 
nGaNP$|gjf6 2<bS i # F-^3*i/c I n,. 09 Ga 
o. 91 N^6^^n- I nGaN#FI6 3i^I^a 
II/c^11WpM (MQWM) *wt*mqw 
ffii6 6MI^^, C<DMQW?£ttJI6 
6±tC v Mg*5F-7^n/cAlo. 2 Ga,. 8 N*>6tt 
£/l£2 0 0 A©p - A lGaN*t'J7^0^I6 
4*5<fca r M&^K-y$n/cGaN^6^c5/f$0. 1 
MmOp-GaN^V KH6 5 £JBtaj&fi3-& 
[0 094] fcfc, COm^ttCto^Xte, M$ 1 0 0 A 
C7)4o<Dn - I nGaN^|g®6 2 <h/P$ 5 0 A<E>3 o 
CDn- I n Ga N#F16 3 i^fcai^ntMQ 

[009 5] ±IB©J:^iCLrn-A 1 GaN/n - 1 
nGaN®^lS3 1 Jbtt&H 3 2 -3 7 ^rfiSS^-ti 
p-GaN3>^^F137^e>p-AlGaN 
* 7 ? F ■ 3 6 <D£r ££-C£x^>^k:J;D 
^■T^o ^tUCcfcO, p-GaNn>^^M37is 
<fctf p-A lGaN^*; KH 3 6*>6«fiRSnS«2 
am(DX F7>f y^W*J^fiR-i-5<tifcK: % p 

-A 1 GaN^7-? KM 3 6 &CJ?£ 0 . 0 5amWi 

[009 6]^CtC, n -A 1 GaN/n- I nGaNfi 
teT2&3 l<Dttft«fiffiiS»«6[>BSCcT iBtteJctf 

a i H*jBtcajiL/Tn*ffii sznm-rzo ztc v 

v*s8HmW*$£Z?p-A I GaN^7 y FH60¥tttt 
iffiCCSiO, >&>6tt4ff3 0. 3Mm<D«tSR3 8* 
Mt^iife^ U ^^6B±ffi*5J:C«fi«JBl3 8±(C 

n i i^Mitpisi etjKfiS-r*. 

[0 09 7] *»CC. WittfWPBCCctO, ^SSS5 0 
0<xm©ftfiS*fHH-r*. H±OJ:5«CLr. 

[0 09 8]i8«, ±iE©:frffiK<fc9ffilS3ftfc*i& 
tfcU-1f*^l 0 2CDn-A 1 GaN/n - InGaN 
iSfS^SS 3 1 *5<fc £J1 3 2-37 <DW*T *® »r** 

[0 09 9] S8tC^TJ:^tc, tf ^T- 1 0 
2tC*5(,>Ttt, MQWrgttl6 6 0IW$in-AlG 
aN^7 * FB3 4(D®»f^i<D^7&5/J\gc^ 0 ccDfc 
»J6»3 5<OMQW?S14H6 6CC*$lr*r«*bfc* 

fi35^6n-A 1 GaN^7? FS4 CC3fc#«fttH 
-To 

[0 100]ft*J. CCtU n - I nGaNPSHJI6 
2fccfc^n - I nGaN#FJ16 3©/I#CCcfc<5fi<&tt 

[0101] £/c. *«*U-1flK^l 02li, n-A 
1 GaN^7»; KU 3 4 (DJWifl&t & n-GaN^' 

f7 7 132^n-AlGaN^7-; F» 3 4 CClt^T 
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tcib. n - A 1 Ga N^ v KH3 4^6n -GaN^ 

[0102] ^fCC, ^agf* U-lf 1 0 2 *Cbl»T 
tt. S7tl3 5T*On-A 1 GaN/n - I n G a N 
^^^3 l«(DJi3 2^3 4*$J:CXn-A IGaN 
/n- I nGaNjStS?-St£3 1 0*8tt**l>fcab. 
n-A 1 GaN/n - I nGaNI!STlS3 1 MCCb 

[0 10 3] CCt, *z»*U— tf**l 0 2(C^t 
tt. M^CDct^K:, n - A 1 GaN/n - I nGaNS 
fS^-S^3 icon - I nGaN^OF^t^O* 
*s»XH3 5(Dn- I nGaN#Fi6 2©/OF*t 

n-A 1 GaN/n - I n G a N jiteT-»&3 l«Cii 
nWl//c3fe^n -A 1 GaN/n - I nGaNJSt&T-S 

[0 10 4] CCDcfc^K. ¥*»U-1«R^ 1 0 2CC*5 
1>T«. SfcMW3 5 3^6jB*iHiL/cj6*n-A 1 GaN 
/n - I nGaNjffit&TS&3 1 tcfel^r^JR-T^C i 

aiojffera*fc«>, «36jB3 5*>6©jfeo«n«rfi«"r 

-If*?- 1 0 2 «:fcC>TttK5eufcfiitt»*«*- F* 

[0 l 0 5 ] ±fScDJ:^(c, c©*&£icbi>rwt. n- 
AlGaN^7^K134©Aia^^#< (WAtf 
0. 07J;W#<tl>) L/cOn-GaN^^rl 
3 2(CA1^MS (WiltfAlSO. 0 2IIS[tt3x. 

£. C<Dtc&>, *3»#U— !f«^-l 0 2<D#JI3 2-3 

[0 106JS6K1, C®t§^CC:fol>TO:* n-AlG 
a N/n - 1 n Ga NiBfeT*S3 1 *s&frHK&£4¥ 
?2>tc#> s n-AlGaN/n-InGaNffi^IS 
3 1 <fcS»3 2^3 7 4fcOPd|CC^i;-SM*^»«3*ir 

c<Dtc&, ¥m#u-vtt i o 2<c«5t»ra. 

[0 10 7] 6Lb©«fc5K:. **f*U-WM 0 2 Cc 
*5l>T«&JI3 2-3 7m^^7^0^K± 

ft£„ 

[0 1 08] n-A 1 GaN/n - I nGaNjS^l 
S3 l(c*jWS*0»iR«** *)BKtt<Tfc<fc<. n 
-A 1 GaN/n - I nGaNM«^Ifi3 lCCfctt* 

CC*©a»iRfi6»*J/h3«Cn -A 1 GaN/n - I nGa 
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NiB«HF«E3 lCC*$l»rfe, JUKHSSfreMKHL 

#ffK~ K £ C <t t ft 

[0 109]ftfe n-A 1 GaN/n- I nGaNffi 
t&^a®3 1 tCte^T. n- I nGaNJfCD I nffllS^: 
A£ n- I nGaNB<D^>F*>?^£>*i 

ASJ:0/h3<&S/clt>. n-A 1 GaN/n- I nGa 
Njfg*S^g«3 \ KisVZfttomSUk *2>Z- 
<t#pJ6g<tft£. Lrt>Lfc#6> n-InGaNCDIn 
10 <ft£<bn-InGa N<DMB B a tt#£{tt- 

0«WX«r^:*<-r4»^CC*j^rtt. n-A 1 GaN/ 
n - I n G a Nj8f&^Sffi3 1 tefc^TttgteCCMiH** 

[0110] iC6t, n-A 1 GaN/n- I nGa 
NfitS^IS3 1 BMQWJSttie 6*6jtt0fc«t 
m®L?Z>tc#>. n-A 1 GaN/n - I nGaNitS^ 
m&3 1 <bMQWr£14Jt6 6 £©E«*J/hSC>J»^K: 
tt. n-A 1 GaN/n- I n G ajNjHtS^-SfiS It 

[0111] b*»L«C^6. *2»»U-1f^l 02CC 
*5t>Tfci:. n-AlGaN^77K134©WS^U 
mit»^*l^ n-A 1 GaN/n- I nGa N 

fitSTSS3 i tMQWr£tti6 6<t£+#tciti-rc<b 

#-C*5. l/cJ^t, »f*^l 0 2CC*5l^ 

r«, M13 5tCiiS$n^»n - A 1 GaN/n 

- I nGaNjB«?-S«3 1 fci»JK3ft£<D&Bl±U 
^o^ejg3 5^6«nW0/c^n-A 1 GaN/n 

30 - I nGaNIWSfi3 1 fc:fcl>T®JK*r£C t&aj 
fig<tft^> 0 

[0112] ft*5, ±fe<D^#U-ifSR^l 0 2(tOd 

*4Stt£T*/c«>K:n-A 1 GaN/n - I n G a N 
©IST««3 lt»«bW5^ #»JR»*©**B 
^Jt-r^CD-C^titf. n- I nGaNIB*«8U»WCC» A 
3*ifcS«. »30. 2um6(T©n-InG 

40 [0113] ftfc, I n G aNBfiffiaWWC^t 
n-InGaNBOSS^O. 2 mdiJ: 0 A£ < ft&£ 
n- I nGaNJBOMStt^ltTS. L/^ot, n 

- I n G a NS<£>J¥£ &i0 . 2 /im«K$>^CiW 

[01 14] mZ-ki* n - G a N/n - I n G a NBft 
^M^/dJn-GaN/n- I nGa N/n -A 1 G 
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[01 15] frfc, C Cttt 1 0 0 A«TOil?CO®^ 

2 o o A«To^TmJi$n/ca/i^^ats^@ 

[0116] _hlB<D^(*U-1f^ 1 0 2tCfc 

[0117] ■9»^#mKff6Wb4lffi¥«WU-ir 

[0118] *»»U-1f3R^ 1 0 3©ftW»«c*jl»T 
»33 5 0Mm©tf:7WT*fi4 0fl!>C 

(0 00 1 )ffi±fc: v r>F-^OAl M Gao., N 20 
*>6ttSJ*S2 0 0 A CD A lGaN^?7ri4 1, I 
32am©r>F^GaNI42 l SiaWF-^Sti 
fcA 1 GaNfcMI nGaN*6&4ft2©JI3 5 a 
m<Dn-A 1 GaN/n - I n G a NffiKH 1 ? 7 t@ 
4 3, S i «SF-:/3hfcGaN*>6&&/ttS 1 //m® 
n-GaN3>^^M44, S i^F-^StifcAl 
..^Ga^^N^^^^n-A 1 GaN^7^ h*14 
5, ^K14 6, Mg*sK-^Sti/cAl BlB7 Ga». fJ 
N*>6&&J*3 0. 4Mm©p-AlGaN^75rFi 
4 7*5<tCfMg*« K-^Sti^GaN^^Jtc^/SSO. 30 

1 um<Dv> -GaN3>^ hJB4 8 ^JBGCJiEgSl* 

[0119] *aWH>-1f*T-l 0 3(D^tc®4 

6 tt % i7 u — !f 1 0 2 (DffefcJI 3 5 

[0 120] CC-C. CO*&Kl*$lir» % n-AlG 
aN/n - I nGaNaft^^7rI4 3 (On — I n 
GaNlO/OK^t^^Oi^ ^3fcH4 6©n-'l 
nGaN#FJf 6 2<D^'> F*> v :/©iBJ: 9 fc'M < 
ft£<fc5ten-A 1 GaN/n - I nGaNffl»^? 40 
7rl43(Dn- I nGaNa©ffiS4a£tS 0 ^ft 
^3BI4 6^6lf77>f7ii4 OfflJteiiftfcH 
L/c^n - A I GaN/n - I nGaNffl^A'^ 
rJI4 3<Dn- 1 n G a NJi&C:fol>"C®JRt~&C <t#Dj 

[0121] ±iB<D<fc 5fc U-C*^^ r 0±K 
§14 1-4 8MI2#W1 p-GaNn>^h 
Jf 4 8^6 p -A 1 GaN^7 i ; FJ14 7©BB£«E3* 
T'^x>^>ytcd:0^-r^>o ^^CCJ:0, p-Ga 
N3>^ M48^J:c;p-A 1 GaN^7-; FJ14 50 
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BfR-tZttblC. p-AlGaN^77K§47^f 

3 0. 0 5 Mm©^ffl»4»JSE-r4. 
[012218W, p-Al GaN^7^ FB 47<D 

¥fiS*6n-GaN3>»^ h»4 4ST©— 8B«« 
^i^>^J;»iL/rn-GaN3>^^ hB4 
4*gSffii*t!-£ 0 

[0123]X(C, C(7)Sffll/cn-GaN3>^^h 
B4 40Bff^M^±^CT i gfcb <fctfA 1 R£JIRecflWL 
tnlgl5^Mn. f^SCcOp-GaN 
n>*^ hJf 4 8±CCN i K*r»j£UTp*ei 6*JB 

[0124] ±E© <t 9CC LrlSart«*J <fc0f«»t5SE 

^to/c«, i^^t >rrs«4 ocDSffl^wgor-tf-? 

7-/7lS4 0OS$^l 5 0-20 0 ^mit^ e 

[0125] $e>«: 4 y^i^awwffl. p — a 1 g a n ^ 

5v F»4 7<D¥ffiSP±m p-AlGaN^7^Fi 

4 7*^n-GaN3>^^hl4 4$r(D(lll, n - 
GaN3>^h|44(?)n £ life < «*-h 
IWO'nlgl 5<DW«««±ffi«c, S i O, 
5SS0. 3*tm©lB«H7 0%JBBE-r-S. 

[0126] *»CC, «*tf»HfiC<fc 0, *8SSS5 0 

[ 0 1 2 7 ] H 1 0 B, ±SB©*ffiCC J: UfES3£ft/c* 
agftU-tff^-l 0 3 CDS® 4 1-4 8©ST-5I»$ 

[0 1 2 8 ] 01 Ote^Tcfc^C, !f*T-l 
0 3(CtoC>Ttt, ^*14 6(Dlfff$in-AlGaN 
v FJ14 5(D®*r*<fcOll*5/hSC* 0 C<Dtc&>. 56 
7c®4 6CDMQWr§ttB6 6tefclvc|6£Lfc3fc*IMfc 
■ 4ei*IK+»Kill»«C4#Bir*0 1 ^*®4 
6*»6n -A 1 GaN^5> 9 FH4 5 (CjK^atiU-r. 
[0 1 29] Sfc, 4^f*P-1f*^l 0 3tt. n-A 
lGaN^7-; FJf 4 5 ©JWHCCtflaff-Ti n -G a N 3 
H44^n - AlGaN^7^ FB4 5CCJt^ 

cD/c# v n-AlGaN^7^F145^f>n-GaN 

3>^r^M4 4«:*3&««tia-r. 

[0130] *mt, ¥3M*U-1f3R^- 1 0 3 tCb^T 
B, t7 7 ^7l«4 OfflL rfc*>^J^B4 6T:fr<D 
B4 1-4 5fccfcO*1f^T >TTS&4 0<D/»3#*#l> 

tdto % if7T^TS«4 0Wccfc^r»3e©iinao^ 

[0131] CCT 4 *3W*U-1f«^l 0 3CCfc^r 
«, BU^CD^^K:, n - A 1 GaN/n - I nGaNlS 
fi^?7 7i4 3©n- I nGaNIO/OFft 9 
46©n-InGa N#F1 6 2 <D^> 

6^6*77 -f7Sfi4 0««ciinHJLfc36€n -A 1 
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GaN/n - I 3te4ol>T 

[0132] COJ:^, WRT-l 0 3tc*5 

fk^4 6*p6iitlffiO/c#£n-A 1 GaN 
/n- I nGaNjB» : F^-y7yjl4 3CC*jC»r(RlR , r 

fiia-r z> c t&oimtu *) . sat**- Fawwc*- k 

[0 1 3 3 ] ±iB<D<£5Ct, CCDm&lCte^Xte. n- 
AlGaN^77KI45(DAliffi^#< (Wittf 
0. 07J:D^<ta) Uc0n-GaN3>^^h 
144fCA 1 iftliti WfUXA 1 £0. 0 2«a3m*. 

C<Dtc&>. *i»{*U-1fJRT-l 0 3CD&H4 1-4 

*>« 

[0 13 4] £6&C, C©«^CC*Jt>r« % n-AlG 20 
aN/n - I nGaNJB«^<^^r)14 33&ijB«^F-« 
jS%W^S/c««>, n-A I GaN/n- I nGaNj&K 
^^>^rH43cLS®4 1. 42, 4 5 - 4 8 <!: OfS 

[0 13 5] «±©±5CC % ^fcttU-lfJR-T-l O2 0C 

1F103 (CfeDTiXftl'M* Or<D»ag^l^DjfiB<fc 30 

[0136] n-Al GaN/n - I nGaNBttf^ 

<> n-A 1 GaN/n- I nGaNjBtt^?7ri 
4 3 «cfcW**©!RJR»tttt«+ c m^K-Lrfcfttf <fc 
CCD J: 5CC#©RJR«»#/hS&n-A 1 GaN/ 
n- I nGaNH«[^9 7 7t4 3K:fcl>rfc, mt 

40 

[0 137]ftfc, n-A 1 GaN/n- I nGaNS 
tg^7 7 7i4 3tCfcC^ n — I n G a NJUCD I n 
ffl/££*£<f £<t, n-InGaNI^OFft^ 
:/0>fI*s<fc0/h3< fc£/t#>, n-A 1 GaN/n -I 
n G a Nffl»^/< ? 7 r ■ 4 3 CCfctt £#(D^iK£ <fc 0 
**<TSC<fc35ipJfiBi«c4 0 l/*>0tt*s&. n-In 
G a N<D I nfflGR#*:*<«rS<i:n- I nGaNOlSfi 
tt*J#ffcT4. CCD/c*. C©«fc5CC I n<D«l«**S 
< LT36<D«JR**#<TS»^«:*JC>r«. n-Al 
GaN/n- I nGaNffl«HF-S«3 lCC*jC»-Cftfitt 50 
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[0138] ±SO*a»»U-1f*^ 1 0 3 ecteOT 
eWi-r-5/cfetCn -A 1 GaN/n - I nGaNfiffi 

^^7 7i4 3^un^^ *«iRS»*©** 
g^t^-^<D-C$>n«. n- I nGaN@#8B#Wttffi 
A$n/c^-;7 7l, Wfctf, 150. 2//mWTcDn 

- I nGaNB^*-&SK©HIIHrSfi'rS«jfi*Wr 

[0139] I nGaN»«HF£ft^«l»or 

n-InGaNi©SSAJ0. 2 um«fc D < ft* £ 
n- I nGaNBOtefitt^^fc-TS. U/e#oT, n 

- I nGaN^CDJl^^O. 2ym£(K^-5Ci* 

[0 140]Mitf> n -GaN/n- I nGaNitS 
fflM/din-GaN/n- I nGaN/n-A 1 G 
aNi^SMWt^^7l^MltfeJ;^ 

[0141] c ct» i o o A&cFvmsomw 
2 o o AMTommxnmsfttcmmmmzsm+mm 

mstiitmrnmmtmnmmt uxmummtBMi, 

[0142] *fc. ±IB©¥«# If JR^l 0 3*Cfo 
t,>Ttt, ^7T^TS«LkCCnBJIteJ:Vpai|a»<co 

^CCpatJBto<ttfnSW3WC©IIB"CJgflcStiT4>J: 

[0143] ±B©*W»U— Jf*-T-1 0 0-1 0 3<D 

Ga. Al, In, B ** J: T 1 (D*J>ft < <t 1 

[0 144] $/c 4 fiftU-lfl^lOl, 10 3iC 
fc^t«t7 7^7iS2 0, 4 O&Jllvc 
77^71S2 0, 4 0©Kb0iCSiSE SiCI 

[0145] ^ 6cc v ifBtcfeor y * ^ 
-rs^f* i—ym+icmm'r z> c <t 

[01 ] **MCC«S*»«U— !fJ^(D-e?9£*Vrg| 
[B21B1 <D^»W-1flR^0^3M<D«JS^T 

[^3] Bi©$»»u- tf^<oas*$j:cfsa©ia 
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[04] z> u - vm+oitixDW *^-r 

[06] *^^«5^*U--WR^©3 6*cft(0« 
[07] 06<D*«»U-if^<5[>^5fcB<Dait^r 
[ 0 8 ] 0 6 <D*»# U - If*?-©**** <fc t«MB<DH 10 
[09] *»«CC«S^*U-1«^©3 6«CflS(D« 
[010] H9©*«*U--1f*-fOSIl<DJH*r*** 
[011] f^cD^^u-^WflBttsrSISEW* 
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1 p-GaNlg 

p-GaN^'y77i 

2 4, 3 3 p-lnGaN^7^RiI 
47 p-AlGaN^7*; KB 

4 6 ft%m 

45 n-A 1 GaN^7? FS 
n -GaN3>^^ hH 
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